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Objective: Quantitative CT (QCT) of the lumbar spine is used for diagnosis of
osteoporosis and osteopenia. The upper thresholds for these classifications
are bone mineral densities (BMD) of 80 and 120 mg/cc, respectively, accord-
ing to guidelines of the American College of Radiology (ACR). World Health
Organization (WHO) standards for interpretation of DXA use T-Scores of
-2.5 and -1 as thresholds for the same classifications. A study by Cann indi-
cated that these QCT thresholds lead to the same rates of osteoporosis and
osteopenia in the population as the WHO thresholds. We investigated
whether paired DXA and QCT measurements have similar thresholds as
rate-based studies.
Methods: DXA and CT imaging of 58 subjects was completed at vertebrae L1
and L2, for 116 total vertebrae. Subject ages ranged from 49 to 86 years
(mean 59  8.7 SD). In each case, the time between DXA and CT imaging
was less than 10 months (mean 72 days  57 SD). DXA imaging and analysis
was done on a Lunar Prodigy (GE, Madison, WI). CT was collected on a Light-
Speed Ultra and LightSpeed 16 (GE) and analyzed using asynchronous cali-
bration data with QCT Pro (Mindways Software, Austin, TX). QCT T-Scores
were calculated by linearly transforming the BMD thresholds to match the
WHO thresholds.
Results: Equal rates for QCT and DXA occur in this cohort below BMD thresh-
olds of 90 mg/cc for osteoporosis and 125 mg/cc for osteopenia. (BMD esti-
mates have been rounded to the nearest 5 mg/cc.) Concordance of
classification at these thresholds by weighted Cohen’s k is kZ0.54. Maximum2214-031X/$36. Copyrightª 2014, TheAuthors. Published by Elsevier (Sin
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).concordance is kZ0.58 and occurs nearest 75 e 130 mg/cc; the figure shows
this as a scatterplot of QCT versus DXA T-Scores. Green curves at left and
bottom show the projected distribution envelopes of the QCT and DXA,
respectively. Horizontal and vertical red lines at -2.5 (solid) and -1 T-Scores
(dashed) show regions with matched or unmatched classification. The cyan
line is the line of best fit by Deming regression, which is equivalent to thresh-
olds 75 e 120 mg/cc; a dotted black line is shown at unity for comparison.
Conclusions: For this cohort, concordance-based thresholds differ markedly
from rate-based thresholds at the osteoporosis threshold, but they overlap
at the osteopenia threshold. The one-sided difference is explained by the
variances around the best-fit line and higher skewness of the DXA in this
cohort (0.45 versus 0.13 for QCT). Concordance-based thresholds in this
paired study support the ACR guidelines.
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CONTEXT SENSITIVITY OF MICROCT BONE DENSITOMETRY: BEAM
HARDENING, TRUNCATION AND EFFECT OF SURROUNDING MEDIUM
Phil L. Salmon, Xuan Liu
Bruker-Microct, Kontich, Belgium
Objectives: MicroCT bone densitometry assumes a fixed relationship be-
tween reconstructed voxel grayscale and x-ray attenuation e a proxy of
bone mineral concentration or “density”. However beam hardening arte-
facts make densitometry context-sensitive. Changes in thickness of both
bone itself and surrounding media (water, alcohol, biological tissue) artifi-
cially change reconstructed density. This is significant since bone is
frequently scanned in a living animal or in liquid filled tubes. Here a series
of test scans of aluminium and water, surrogates of x-ray absorption of
bone and soft tissue respectively, were conducted to assess these effects
in common laboratory bone scanning protocols. The ability of software
beam hardening correction (BHC) to mitigate the errors was assessed.
Methods: Test scans were done on aluminium tubes and rods with thick-
nesses from 0.127mm e 5mm, both in air or surrounded by up to 2cm water.
Scans were performed with different energy filters and degrees of software
BHC. Also tested were the effects of truncation (scanned object wider than
the camera field of view), changing magnification and signal-to-noise ratio.
Results: Thickness of both aluminium and surrounding water significantly
affected measured density. When scanned in air, the effect of changing
aluminium thickness could be readily removed by BHC, but when scanned
with a surrounding water layer, BHC was much less effective at correcting
the aluminium thickness effect. However the effect of different thickness
of surrounding water on density of aluminium of a specific thickness could
be almost eliminated by finding an optimal BHC value. The “cupping” arte-
fact of reconstructed density heterogeneity in uniform material, could be
readily corrected if aluminium was scanned in air; however in water cupping
correction was only possible with high filtration and maximal values of BHC.
Scan truncation caused severe alteration of measured attenuation especially
where the ambient medium was excluded from projections. Changes to
magnification and signal-to-noise ratio also caused artificial changes to
measured attenuation/density.
Conclusions: Measurement of bone mineral density by microCT is highly
context sensitive. A surrounding layer of liquid or biological tissue reducesgapore) Pte Ltd. This is an open access article under the CCBY-NC-ND
